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A first sensor (2, 4, 120, 230, 232, 300) senses an organic 
gas, liquid or vapor and includes a first support (30, 32, 102, 
210, 212, 306) having a first support surface with a layer of 
material (26, 28, 112, 216, 218, 302) fastened to it In the 
presence of liquid, gas or vapor, the material (26, 28, 112, 216, 
218, 302) swells and expands so as to vary at least one of its 
dimensions. Such expansion develops a stress at an interface 
between the first support surface and the material (26, 28, 1 12, 
216, 218, 302), and strain sensitive devices (14, 16, 100, 204, 
206, 210, 212, 306, 308) detect the stress and produce an output 
which varies as a function of the stress at the interface. 
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ORGANIC CHEMICAL SENSOR 

RACKGROUND OF THE INVENTION 
This invention relates to gas, liquid and 
vapor sensors and more particularly, to such sensors 
5 which use a swellable member as the means for sensing 
the gas, liquid or vapor. 

There is a desire to reduce emissions of 
organic chemicals in the process control and other 
industries. Refineries and intermediate users such as 

10 pumping stations and storage facilities emit large 
amounts of undesired organic chemicals. Progressively 
more stringent government regulations have addressed 
this problem, most notably the U.S. federal regulations 
37 CFR 191 - 192 and regulations from other states as 

15 well. Such rules regulate emissions from "release 
points" and mandate monitoring for fittings, joints, 
packing glands, flanges, valves, pump seals, compressor 
seals, pressure relief seals, open-ended lines and 
sampling connections. Valves, because of their number 

20 and relatively high emission rates, are the major 
emission source . The U.S. Environmental Protection 
Agency (EPA) Office of Air Quality sets limits on 
emissions from various "release points", as published in 
"Protocols for Generating Unit-Specific Emission 

25 Estimate for Equipment Leaks of VOC and VHAP", EPA 
publication 450/3-88-010. 

Organic chemical sensors formed of polymers, 
such as a room^temperature-vulcanized (RTV) silicones 
impregnated with electrically conductive particles to 

30 form a variable resistor are known. Exposure to organic 
chemicals swells or increases the volume of the polymer 
which moves the particles farther apart and increases 
electrical resistivity. Such sensors, however, can have 
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poor stability and repeatability because the organic 
chemicals damage the particles. Also, where an 

"intrinsically safe" design is needed for explosive 
vapors, such sensors are unsuitable because they carry 
5 an electric current and may spark under fault 
conditions. Further, outputs from such sensors are 
typically low level and require a Wheatstone bridge 
circuit for sensing. The high impedance bridge signals 
are noisy and transmission over long distance requires 

10 extensive shielding and amplification. 

There is thus a need for an inexpensive 
organic chemical sensor which has a more stable and 
repeatable output which can be used in the presence of 
explosive vapors and which are more suitable for 

15 transmission in a noisy process control environment. 

SUMMARY OF THE INVENTION 
In this invention, a first sensor senses an 
organic gas, liquid or vapor and includes a first 
support having a first support surface coated with a 

20 layer of material. In the presence of organic liquid, 
gas or vapor, the material expands so as to vary at 
least one of its dimensions. Such expansion develops a 
stress at an interface between the first support surface 
and the material, and strain sensitive resistors detect 

25 the stress and produce an output which varies as a 
function of the stress at the interface. One of a pair 
of piezoresistors is located where there is increased 
stress and the other piezoresistor is disposed where 
there is reduced stress. If desired, a second sensor 

30 similar in structure to the first but exposed only to a 
reference organic liquid, gas or vapor temperature- 
compensates the first sensor. In such a second sensor, 
the polymer expands as a function of temperature and 
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stresses an interface between the polymer and a second 
support surface. Strain sensitive resistors responsive 
to the strain at the interface change resistance and 
thereby provide an output representative of temperature. 
5 In another embodiment, an organic chemical responsive 
sensor includes a first support having a first support 
surface and a first capacitor plate fastened to the 
first support. A second support coupled to the first 
support spaces a second capacitor plate a distance away 

10 from the first plate. A material which expands in the 
presence of organic liquid, gas or vapor is applied to 
the first support surface so that upon expansion, the 
first support deflects and changes the distance between 1 
the two capacitor plates, thereby changing an electrical 

15 capacity between the plates. . If desired, another 
capacitive sensor similar in structure to the first but 
exposed only to a reference organic liquid, gas or vapor 
temperature compensates the first. In this sensor, the 
polymer expands as a function of temperature and 

20 deflects an upper capacitor plate downwards, so as to 
decrease the distance between two capacitor plates and 
thereby increase an electrical capacitance. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is an exploded view of an embodiment of 

2 5 the present invention; 

FIG. 2 is a cross section of an embodiment of 
the invention as viewed from line 2-2 in FIG. 1; 

FIG. 3 is a schematic of a wheatstone bridge 
circuit embodying the present invention; 

30 FIG. 4 is a cross sectional view of a second 

embodiment of the present invention; and 

FIG. 5 is a plan view of a third embodiment of 
the present invention; 
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» 

FIG. 6 is a cross section of the reference 
sensor taken as viewed from line 6-6 in FIG . 5, but with 
the cap removed; 

FIG. 7 is a cross section of an embodiment of 
5 the invention taken as viewed from line 7-7 in FIG. 5; 
and 

FIG. 8 is a cross section of a fourth 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBO DIMENTS 

10 m FIG. 1, sensors 2,4 formed on a silicon 

substrate 6 sense or measure concentrations of liquid, 
gas or vapor organic chemicals. Sealed chamber 64 
isolates sensor 4 from chemicals to provide a reference 
sensor output free of the effects of varying chemical 

15 concentrations. Window 62, however, exposes sensor 2 to 
organic chemicals so that its output varies as a 
function of organic chemical concentration. 

In sensor 2, a strip of polymer 28, which 
swells when exposed to organics, bonds to an underlying 

20 silicon nitride beam 32, which is dimensionally stable 
when exposed to organic chemicals. Substrate 6 rigidly 
supports one portion of beam 32, while a free portion of 
beam 3 2 is cantilevered over cavity 62 and free to flex. 
When polymer strip 28 receives chemical vapors, it 

25 swells while the nitride to which it is fastened does 
not. The resulting strain causes the free portion to 
bend or flex. A strain gauge resistor 14 senses strain 
in the free end of beam 32. In the rigid portion of the 
nitride strip, however, there is little strain and a 

30 strain gauge resistor 12 provides a reference signal 
free of strain. 

In sensor 4, a strip of polymer 26 is exposed 
solely to a reference organic chemical gas, liquid or 
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vapor. Alternatively, sensor 4 is sealed in a vacuum. 
Polymer 26 swells or expands in at least one dimension 
with temperature. A silicon nitride beam 30 on which 
polymer 2 6 rests, however, is insensitive to the organic 
5 chemicals and temperature and is dimensionally stable. 
- Substrate 6 rigidly supports one portion of beam 30 
while a free end is cantilevered over a cavity and free 
to deflect. A strain gauge resistor 16 deposited on 
beam 30 senses the strain induced by the deflection, 

10 while a strain gauge resistor 10 is located on substrate 
6 in a position of substantially reduced stress. The 
resistance of resistors 10,16 is representative of the 
temperature responsive nature of polymer 2 6 and is used 
to compensate the output from organic chemical 

15- responsive strain gauges 12,14. 

The four resistors Ri 0 - R i6 are connected in a 
bridge circuit, as shown in FIG. 3. Each of the 
resistors Rio~ R i6 correspond to the same numbered 
resistor in FIG. 1. For example, resistor R 10 

20 corresponds to resistor 10 in FIG. 1. Pad 18 is 
connected to the non-inverting input on an op-amp 80, 
pad 20 is connected to a ground, pad 22 is connected to 
V D and pad 24 is connected to the inverting input on the 
op-amp. The variable reference resistor R 16 comprises 

25 beam 30 and polymer 26 while organic chemical sensing 
resistor R 14 comprises beam 32 and polymer 28. The 
output of op-amp 80 is a temperature compensated signal 
representative of the concentration of organic liquid, 
gas or vapor. Other well-known means for monitoring 

30 resistance change, such as comparators, sliding 
comparators and ohmmeters may also be used. 

Sensors 2,4 are batch fabricated from average 
resistivity, double polished silicon wafers having a 
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<100> crystal orientation, so as to facilitate uniform 
etching- A silicon nitride film 8 is deposited and two 
U-shaped openings are photoshaped in the nitride. Next, 
a doped and annealed conductive polysilicon film is 
5 deposited and photoshaped to provide resistors 10-16, 
pads 18-24 and associated interconnect. The polysilicon 
layer is overcoated with another nitride layer and 
contacts openings are cut over the pads to allow 
wirebonding, and to cut the two U-shaped openings back 

10 down to bare silicon. Resistor 14 is disposed on beam 
32 at a position of increased stress when beam 32 
deflects, and resistor 12 is on silicon substrate 6 at 
a location of reduced stress. Similarly, sensor 4 has 
resistor 16 located at an increased stress point and 

15 resistor 10 at a location having reduced stress. A 
contact metallization deposition and photoshape finishes 
bondable contacts 18-24. Two holes 66,68 (see FIG. 2) 
are next photoshaped in the nitride on the backside of 
the wafers corresponding to the area under the U-shaped 

20 openings. The hole openings must compensate for the 45° 
etching characteristic of <100> oriented silicon and 
therefore are slightly larger than the openings as shown 
in FIG. 1. A one micron thick polymeric layer is screen 
printed on the wafer to provide polymers 26,28. A 

25 silicon etch, without protecting either side of the 
wafer, subsequently removes all the silicon in the two 
U-shaped areas and leaves nitride beams 30,32 
overhanging the two completely etched-out cavities. 
Alternatively, beams 30,32 may be made of another stiff 

30 material, such as silicon, silicon oxide or polysilicon, 
or layers of these materials, which exhibit 
substantially no hysteresis upon deflection. 
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A second piece of silicon 50 is used to 
encapsulate sensor 4. Starting from the same silicon 
stock as for substrate 6, a nitride layer coats both 
sides of the cover wafer. Nitride openings 52,54,56 in 
5 the backside of the wafer are cut, and nitride openings 
58,60 are subsequently aligned to backside openings 
54,56 -so that when the silicon etch is completed, a 
throughhole 6 2 is cut through silicon 50 and a cavity 64 
is cut in the backside of the wafers. Cavity 64 is 

10 designed to cover sensor 4 and throughhole 62 fits over 
sensor 2, but allows complete access of organic liquid, 
gas or vapor to sensor 2. Substrates 6 and 5 0 are 
bonded together using an adhesive such as polyimide, re- 
flow TEFLON, a brand of polytetraf luorethylene 70 or 

15 other methods known in the industry. The wafers are 
diced to obtain individual die and the die attached to 
a header 72 having an aligned pair of opening vents 
74,76 oriented to facilitate liquid, gas or vapor flow 
through sensor 2 . A binder fastens the die to header 

20 72. 

Polymers 26,28 are made from a swellable 
polymer such as RTV silicone polymer, synthetic rubber, 
polyvinyl chloride, polymethyl methacrylate, silicone, 
or a mixture of these cross-linked polymers which expand 

25 in the presence of an organic chemical. The polymers 
necessarily reacts more slowly to organics having a low 
vapor pressure than to ones with a high vapor pressure. 
The silicon RTV used in an embodiment of the present 
invention is sensitive enough to give a full scale 

30 response of 3 mV (with 10 V applied to the bridge) when 
0 . 1 ml trichloroethane is inject into 4.5 liters of air. 
Cross-linked polymers absorb the gas, liquid or vapor of 
interest and consequently expand their dimensions. 
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These materials are preferred because the dimensional 
expansion is reversible and substantially without 
hysteresis- In fact, shrinkage of the polymer after an 
exposure to an organic may be hastened by heating, RTV 
5 silicone polymer expands in the presence of many 
organics and is preferred because it is low cost, 
relatively non-toxic and easy to apply. Furthermore, 
RTV withstands the rigors of semiconductor processing 
better than other polymers* RTV responds to 

10 hydrocarbons, chlorohydrocarbons , f luorocarbons and 
silicarbons such as unleaded regular gasoline, leaded 
gasoline, diesel fuel, jet A fuel, toluene, n-xylene, 
methyl alcohol, n-hexane, cyclohexane, methylpentane, 
trichloroethylene , chloroform, dichloromethane , 

15 dichloroethy lene , benzene, 2-methy lpentane , 
methylcyclopentane, isooctane, n-heptane, ethylbenzene, 
butylbenzene, hexyl alcohol, isopropyl alcohol and 
octane . 

In FIG. 4, a sensor die 120 set in header 106 
20 senses concentrations of liquid, gas or vapor organic 
chemicals. In sensor die 120, a cylindrical piece of 
polymer 112 is restrained by a crossbar structure 110 in 
header 106. Polymer 112 swells and expands in the 
presence of organic chemicals so as to exert a force on 
25 a diaphragm 102 and deflect it. A set of piezoresistors 
100 are positioned on diaphragm 102 in an area of 
increased stress and change their resistance as a 
function of the stress induced by the diaphragm 
deflection. The piezoresistors are connected in a 
30 bridge circuit (not shown), or another circuit designed 
to provide a change in output when the resistors change 
resistance. 
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Sensor die 120 is batch fabricated from 
nitride coated double polished silicon wafers, A 
polysilicon layer is deposited and photoshaped to 
provide resistors 100 and associated interconnect on the 
5 surface of the wafer. A contact metallization layer is 
deposited and photoshaped to provide bondable contacts. 
A subsequent nitride coating protects the frontside 
metallization while the backside is photoshaped to 
provide a diaphragm window 104. Window 104 is then 

10 etched out to provide diaphragm 102, after which contact 
openings are cut in the. frontside nitride to facilitate 
bonding. After dicing and bonding two wires 114,116 to 
sensor die 120, it is affixed to header 106 and enough 
polymer 112 is introduced into header 106 through 

15 opening 110 to ensure intimate contact to the surface of 
diaphragm 102. The polymer piece should be positioned 
near the center of the diaphragm in a position where 
deflection is the greatest. A vent 108 in header 106 
ensures that sensor die 120 is not responsive to 

20 pressure. 

Additional sensors which monitor the 
dimensional changes of a polymer responsive to organic 
chemicals may be made with sensing means other than 
strain sensitive detection means. For example, optical 

25 detection means may be employed. In one embodiment, a 
mirror on a beam which deflects as a function of the 
stress induced by a organic responsive polymer may 
normally be focused on a first optical fiber and upon 
the deflection, be focused on a second optical fiber. 

30 Alternatively, the detection means can be capacitive. 
In FIGS. 5, 6 and 7, a silicon sensor die 240 containing 
two capacitive sensors 230,232 is shown, the former 
sensor for sensing organic liquid, gas or vapors and the 
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latter for temperature compensating the other. Saosx: 
230 has a bottom capacitor plate 204 and a top capacitor 
plate 210 cantilevered over the bottom plate. A polymer 
layer 216 responsive to organic liquid, gas or vapors is 
5 mechanically coupled to cantilevered plate 210, so that 
when the polymer expands, the plate deflects downward 
and the electrical capacity of the capacitor increases. 
Sensor 232 is similar in construction, but is exposed 
only to a reference organic liquid, gas or vapor. 

10 Sensor 232 has a lower capacitor plate 206 and a 
cantilevered upper plate 212 spaced a distance from the 
other plate. A polymer 218 is mechanically coupled to 
upper plate 212 so that when polymer 218 expands as a 
function of temperature, plate 212 deflects downward and 

15 an electrical capacity of sensor 232 increases. 

A capacitance measuring circuit, such as the 
one described in U.S. Patent 4,5 98,251 is connected to 
sensor 230, and output from sensor 232 compensates the 
output from sensor 230. Sensor 230 may also be 

20 connected to a circuit where the resistance between 
polysilicon layer 204,210 is monitored. When polymer 
216 expands so as to deflect polysilicon layer 210 
downwards to contact polysilicon layer 204, the 
resistance is significantly reduced. This alternate 

25 type of sensor operates as a "make-break" sensor, where 
the presence of an organic liquid, gas or vapor is 
indicated by a low resistance output between the 
polysilicon layers but where the sensor has a high 
impedance output otherwise. The low power consumption 

30 of this arrangement is particularly advantageous in 
transmitters, since transmitters receive their operating 
power over the same two wires over which they 
communicate. Such arrangement is also preferred for a 
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low cost application to indicate the mere presence of an 
organic liquid, gas or vapor, but where the knowledge 
concentration of the organic chemical is not necessary. 
An alternative "make-break" sensor having a similar 
5 structure to the first has a normally low impedance 
connection when isolated from organic gas, liquid or 
vapor, but which switches to a high impedance connection 
upon exposure to the organic* 

Sensors 230,232 are batch fabricated using 

10 standard sensor fabrication techniques and have an 
insulating substrate 200, made of a material such as 
sapphire, coated with a layer of silicon nitride 202 or 
another insulating film. An insulating substrate like 
sapphire or alumina is preferred in order to simplify 

15 the sensor design, since a conductive substrate would 
have to be connected to a power supply to reduce 
capacitive coupling and to properly bias the substrate. 
A polysilicon layer is deposited and photoshaped to 
provide lower plates 204, 206 . A layer of silicon 

20 dioxide or some other easily etchable material is 
deposited and photoshaped atop the polysilicon, to 
provide oxide spacers 208. Layer 208 merely serves as 
a mechanical spacer during processing and is later 
removed by an buffered HF etching process to provide a 

25 gap between two plates of each capacitor. The 
sensitivity of the sensor may be adjusted by modifying 
the thickness of the oxide layer . Next a second 
polysilicon layer is deposited and photoshaped to 
provide upper capacitor plates 210,212. A nitride layer 

30 is deposited and photoshaped to provide an inert base 
214 for a layer of RTV. The RTV is screen printed atop 
the nitride 214 to provide polymer layers 216,218. 
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A glass or plastic cap 250 cut from a cover 
wafer and similar to silicon cover 50 in FIG. 2, is 
fastened to die 240 in FIG. 7. A nitride layer coats 
both sides of the cover wafer- Nitride openings 244,246 
5 in the backside of the wafer are cut, and a frontside 
nitride opening 248 is subsequently aligned to backside 
opening 246 so that when a timed HF etch is completed, 
a throughhole between openings 246,248 allows liquid, 
gas or vapor to contact sensor 230, During the same 

10 etch, a cavity in the backside of the cover wafer is 
etched from opening 244- Die 240 and 250 are bonded 
together using an adhesive such as polyimide or re-flow 
teflon™ (not shown). The wafers are diced to obtain 
individual die and a tube port 254 is fastened to the 

15 die by a superglue 258. The die is attached to a header 
252 by a superglue 258 and tube 254 aligned to an 
opening in the header. 

In FIG. 8, an organic chemical sensor 300 
includes a polymer 302, which expands in the presence of 

20 an organic liquid, gas or vapor, placed in a cylindrical 
container 304. Container 304 has small diameter holes, 
on the sides and the bottom, which allow organic 
chemicals to contact polymer 32. Diaphragm 306 is a 
bottom capacitor plate and a header cap 308 is an upper 

25 capacitor plate. In the presence of an organic, polymer 
302 expands in all dimensions but may only move upwards. 
Such movement exerts an amplified force against a 
diaphragm 306 so as to deflect it upwards and increase 
an electrical capacity between the plates. Polymer 302 

30 fills container 304 to a fixed level and conductive 
diaphragm 306 is laser welded to the upper rim of 
container 304. Container 304 is fastened into a header 
310 and electrical contacts 312,314 are connected to 
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diaphragm 306 and to plate 308, respectively, to monitor 
capacitance • 

Although the present invention has been 
described with reference to preferred embodiments, 
workers skilled in the art will recognize that changes 
may be made in form and detail without departing from 
the spirit and scope of the invention. 
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WHAT IS CLAIMED IS: 

1. A chemical sensor for sensing at least one of 
an organic gas, liquid and vapor, comprising: 

a first support having a first support 
surface; 

a material fastened to the first support 
surface so as to form an interface 
therebetween, the material exposed to at 
least one of the organic gas, liquid and 
vapor and formed of a substance varying 
a first of its dimensions in the 
presence of at least one of the organic 
gas, liquid and vapor so as to develop a 
stress at the interface; and 

strain sensitive means* operably coupled at 
the interface for detecting the stress 
and having an output varying as a 
function of the stress at the interface* 

2. The organic chemical sensor of claim 1 where 
the first support is made of a stiff material having 
substantially no hysteresis and selected from the group 
of materials consisting of silicon nitride, silicon, 
silicon oxide and polysilicon. 

3. The organic chemical sensor of claim 1 where 
at least one of the organic gas, liquid and vapor 
includes organics selected from the group consisting of 
hydrocarbons , chlorohydrocarbons , f luorocarbons and 
silicarbons. 

4. The organic chemical sensor of claim 1 where 
the strain sensitive means comprise a pair of 
piezoresistors fastened to the first support surface. 

5. The organic chemical sensor of claim 4 where 
one of the pair of piezoresistors is disposed where 
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there is increased stress and where the other 
piezoresistor is disposed where there is reduced stress. 

6. The organic chemical sensor of claim 1, 
further comprising, 

a second support having a second support 
surface and having the material fastened 
onto the second support surface so as to 
form a second interface therebetween, 
the material exposed to at least one of 
a reference liquid, gas and vapor, the 
material having a temperature sensitive 
expansion coefficient so as to change 
dimension and thereby stress the second 
interface when the temperature changes; 
and 

second detection means for detecting the 
stress and having an output varying as a 
function of the stress at the second 
interface. 

7. The organic chemical sensor of claim 1 
wherein the first support comprises a beam and wherein 
the stress causes the beam to deflect. 

8. The organic chemical sensor of claim 1 wherein 
the first support comprises a container, the material 
being disposed in the container; and wherein the first 
support surface comprises a deflectable portion of the 
container. 

9. The organic chemical sensor of claim 8 wherein 
the first support surface is a first plate of a 
capacitor. 

10. An organic sensor for sensing at least one of 
an organic gas, liquid and vapor, comprising: 
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a first support surface and a first capacitor 
plate fastened thereto; 

a second support having a second support 
surface and a second capacitor plate 
fastened thereto, the second capacitor 
plate being supported a distance away 
from the first capacitor plate; and 

a material exposed to at least one of the 
organic liquid, gas and vapor and 
fastened to the first support surface, 
the material formed of a substance 
varying a first of its dimensions in the 
presence of at least one of the organic 
gas, liquid and vapor, so that upon 
expansion, the first support deflects 
and changes an electrical capacity of 
the sensor. 

11. The organic chemical sensor of claim 10 
further comprising reference capacitor means having a 
third support having a material exposed to at least one 
of a reference liquid, gas and vapor, the material 
layered on the third support, the material having a 
temperature coefficient of expansion so as to change a 
dimension and deflect the third support as a function of 
the temperature . 

12. A sensor for sensing an organic gas, liquid or 
vapor, comprising: 

a first conductive contact; and 
a second conductive contact having a quantity 
of polymer mechanically coupled thereto, 
the polymer expanding in at least one 
dimension in the presence of the organic 
gas, liquid of vapor so that upon such 
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i 

expansion, the first conductive contact 
contacts the second contact. 

13. a sensor for sensing an organic gas, liquid or 

vapor, comprising: 

a first conductive contact; 

a second conductive contact normally forming 
a low impedance connection to the first 
contact, the second contact having a 
quantity of polymer mechanically coupled 
thereto, the polymer expanding in at 
least on dimension in the presence of 
organic gas, liquid or vapor so that 
such expansion breaks the connection 
between the first and second contacts. 
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